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Introduction 


At the request of Level 1 Space Station Engineering Administrator Dr. Earle Huckins, 
the Langley SSFO performed an analysis of the utilization of a shuttle orbiter as an 
Assured Crew Return Vehicle (ACRV). Several candidate attach locations were studied. 
The impact on the flight dynamics characteristics were analyzed (e.g., torque equilibrium 
attitude, microgravity environment, attitude controllability requirements, and reboost fuel 
requirements). Qualitative assessments on viewing, clearance, docking and proximity 
operations, and radiator blockage were also noted. The feasibility of dual simultaneous 
docked orbiters was discussed. The baseline Permanently Manned Capability (PMC ) and 
Assembly Complete (AC) configurations were considered, as well as selected modified 
hardware options, and a proposed new hardware option consisting of an oblique docking 
module design. 

A summary of the results obtained was presented to Space Station Freedom Program 
Director Richard H. Kohrs on June 18, 1990. This TM consists of the presentation charts 
discussed with Mr. Kohrs, as well as accompanying facing pages. 
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Two station configurations were examined in this preliminary study: Permanently Manned Configuration (PMC) 
Assembly Complete (AC). Three hardware ground rules were considered: 
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PMC Baseline-Steady State Microgravity Contours 
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PMC Baseline-Steady State Microgravity Contours (with Orbiter Berthed) 
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STEADY STATE MICROGRAVITY CONTOURS 



9 



This is the baseline assembly complete Space Station Freedom configuration. The baseline AC station is included in this 
study as a reference with which to compare the configurations that include an orbiter as an ACRV. 
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Assembly Complete Baseline-Steady State Microgravity Contours 
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Assembly Complete Baseline-Steady State Microgravity Contours (with Orbiter Berthed) 
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opt 1 -a front 



ASSEMBLY COMPLETE BASELINE 
WITH TWO ORBITERS BERTHED ON FRONT NODES 
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NOTE: OPTION 1 -A CANNOT 
ACCOMMODATE 2 ORBITERS 
DUE TO INTERFERENCE 









Assembly Complete Baseline with Ttoo Orbiters Berthed on Front Nodes (Option 1-B) 
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ASSEMBLY COMPLETE BASELINE 
WITH TWO ORBITERS BERTHED ON FRONT NODES 



31 


NOTE: OPTION 1-0 CANNOT 
ACCOMMODATE 2 ORBITERS 
DUE TO INTERFERENCE 
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option 2 



Orbiter Utilization as an ACRV 
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Option 7 : ACRV Orbiter attached to modified ESA module, 
nose forward 
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opt2-a front 


ASSEMBLY COMPLETE WITH STARBOARD DOCKING MAST 
MOVED TO SIDE OF FORWARD STARBOARD NODE 

(FRONT VIEW) 



3 . 


ISSUES: ^RENDEZVOUS AND 
DOCK I NG 




Assembly Complete with Starboard Docking Mast Moved to Side ot Forward Starboard Node 

(Option 2-A) - Top View 
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opt2-a top 



ASSEMBLY COMPLETE WITH STARBOARD DOCKING MAST 

MOVED TO SIDE OF FORWARD STARBOARD NODE 

(TOP VIEW) 
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ISSUES: •RENDEZVOUS 

AND DOCKING 
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opt2-b front 



ASSEMBLY COMPLETE WITH STARBOARD DOCKING MAST 
MOVED TO SIDE OF FORWARD STARBOARD NODE 

(TAIL UP) 
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Option 3 replaced the baseline resource nodes with extended, resource nodes, each of which are 42 inches longer than the 
standard resource node. This was done to determine if sufficient clearance was available with both orbiters simultaneously 
docked. The first orbiter was at the nominal location on the port resource node in a tail-down attitude, while the ACRV 
orbiter was located on the starboard node in a tail-up attitude. 
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Option 7 : ACRV Orbiter attached to modified ESA module, 
nose forward 



Assembly Complete with All Four Nodes Replaced by Extended Resource Nodes 

(Option 3) 
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opt3 front 



ASSEMBLY COMPLETE WITH ALL FOUR NODES 
REPLACED BY EXTENDED RESOURCE NODES 



43 





Option 4 attached an additional starboard node outboard of the nominal node. The motivation was to determine if 
sufficient clearance existed to accommodate two orbiters simultaneously. Here the ACRV orbiter was attached to the 
additional node in a tail-up attitude. 
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Option 7 : ACRV Orbiter attached to modified ESA module, 
nose forward 
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op14 front 



ASSEMBLY COMPLETE WITH ONE ADDITIONAL NODE 
ATTACHED TO FORWARD STARBOARD NODE 
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LaRC SSFO 


Option 5 attached an additional extended resource node to the existing nominal starboard node. The ACRV orbiter was 
located on this new node in a tail-up attitude. 
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option 5 


Orbiter Utilization as an ACRV 
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Option 7 : ACRV Orbiter attached to modified ESA module, 
nose forward 
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ASSEMBLY COMPLETE WITH ONE EXTENDED RESOURCE NODE 
ATTACHED TO FORWARD STARBOARD NODE 
(FRONT VIEW) 
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ASSEMBLY COMPLETE WITH ONE EXTENDED RESOURCE NODE 
ATTACHED TO FORWARD STARBOARD NODE 
(TOP VIEW) 
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PMC WITH ONE EXTENDED RESOURCE NODE 
ATTACHED TO FORWARD STARBOARD NODE 

STEADY STATE MICROGRAVITY CONTOURS 




« -a c 

*5 S $ 

c £ 


f 

CO 

k. 


u 

c 

•Cm 

3 


G 

o 

o 


<U 

1 

c 

o 


'£ 

g 

C 

0) 

o 


> 

"D 

o 

* 


y 

z 

> 


< 

0) 

o 

10 

hm 

0) 

in 

c 

c 


** I 

<7 ? 


CO 

0) 

a 

s 

a> 

++ 

o 

c 

'W 

’d 

UL. 

c ■ 

U 

> 

c . 

"O 

CO 


c/J 

cu 

0) 

"D 

0) 


X) 

<5 

a> 

-G * 
+- * 

c 

a> 

>* 

"O 


CL 

E 

* 

C 

s 

CO 


c 

U 

-C . 

Vi 

V5 

a> 

</> 


j>> 

g , 
3 ■ 


£ 

w 

■t— 1 

c 

G -* 
C o> 

<D 

V3 

jS 

C 

*d c 

O 

a> 

2 c 

< 

"a 

x 

H 

<u x 

X ~ 

g 

, 

w C 

3 <U 
00 XJ 

^ 2 
G -w 

id 

'oo 

*5 

C 

C\ 

73 

<D ^ 

w 

CJ 

g 

cd 

"O # cg 

in 

O 

5/3 n> 


X 

T3 P 

c 

o 

•w 

a 

g 

•t— * 
VI 

a> 

G 3 

-E 
S c 
£ > 

c 

X 

a -o 

<D 

■w 

to JS 

-C 

w 

C 

c 

X *3 

VI 

T3 

*“* c 

v: 

F 5 

<D 

T3 

TD 

E S 

2 a 


56 


opt5 ac-i 



ASSEMBLY COMPLETE WITH ONE EXTENDED RESOURCE NODE 
ATTACHED TO FORWARD STARBOARD NODE 

STEADY STATE MICROGRAVITY CONTOURS 



57 


In option 6. the logistics module located aft and beneath the pressurized US lab module was modified to accommodate a 
docking mechanism. The ACRV orbiter was located on this module, oriented in a nose forward attitude. 
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Option 7 : ACRV Orbiter attached to modified ESA module, 
nose forward 



Assembly Complete with Docking Mast Added to Pressurized Logistics Module 

(Option 6) 
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ASSEMBLY COMPLETE WITH DOCKING MAST ADDED 
TO PRESSURIZED LOGISTICS MODULE 
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Assembly Complete with Docking Mast Added to Pressurized Logistics Module 

(Option 6) - Top View 
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ASSEMBLY COMPLETE WITH DOCKING MAST ADDED 
TO PRESSURIZED LOGISTICS MODULE 
(TOP VIEW) 
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ISSUE: NADIR VIEWING 

FROM INTERNATIONALS 




PMC with Docking Mast Added to Pressurized Logistics Module 
Steady State Microgravity Contours 
(Option 6) 
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PMC WITH DOCKING MAST ADDED 
TO PRESSURIZED LOGISTICS MODULE 

STEADY STATE MICROGRAVITY CONTOURS 




Assembly Complete with Docking Mast Added to Pressurized Logistics Module 

Steady State Microgravity Contours 
(Option 6) 
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ASSEMBLY COMPLETE WITH DOCKING MAST ADDED 
TO PRESSURIZED LOGISTICS MODULE 

STEADY STATE MICROGRAVITY CONTOURS 




In option 7, the ESA module (AC configuration only) had a node attached with a docking mechanism to accommodate the 
ACRV orbiter. which was oriented in a nose-forward attitude, located beneath the ESA module. 


68 


option 7 




> 

£E 

O 

< 


Assembly Complete with Additional Node and Docking Mast Attached to 

Aft End of ESA Module (Option 7) 
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ASSEMBLY COMPLETE WITH ADDITIONAL NODE AND DOCKING MAST 

ATTACHED TO AFT END OF ESA MODULE 
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Assembly Complete with Additional Node and Docking Mast Attached to 
Aft End of ESA Module (Option 7) - Top View 


OX) 

'53 

x> 

<D 

15 

u 

C 

a 

pC 

>% 

X) 

T3 

0> 

c/3 

=3 

3 

C/3 

JD 

3 

T3 

C 

£ 

”5 

c 

c 

m a 


<d 


<u 

JZ 

E 

0 

*3 

C/3 

E 

a> 

X) 

c 

Urn 

a* 

OX) 

c 

1 

CD 


•o 

cd 

c 

13 

*-C 

c 

<U 

4 -j 

c . 

CL £ 

0/ <U 

jz x: 


6 * 
x5 g 

* s 

£ X) 

.2 ^ 
> u 

C/5 

*3 O 
e2 o 
H T3 


72 


opt 7 top 



ASSEMBLY COMPLETE WITH ADDITIONAL NODE AND DOCKING MAST 

ATTACHED TO ESA MODULE 

(TOP VIEW) 
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Assembly Complete with Additional Node and Docking Mast Attached to ESA Module 

Steady State Microgravity Contours 
(Option 7) 
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Assembly Complete with Orbiter Attached to Oblique Docking Adapter 
(Orbiter Rotated 27 Degrees from Horizontal) 

(Option 8) 


•3 « 

I S V H 

~ 

C .2 j 64 5 
00 OD « 2 

’33 C E 

co c 


^ ^ ^ 

4-t i_ fc* </3 

Cd 5 SP 
^3 CX h CL 
2 cd .a u 


* s * 

w c -o 


« E.S 

i; D X) 
i= 5 Sr 
♦-* c w 


i; 2 ^ a 

« r * 

2 a. J < 

2 E ~ c 
C 



T 3 


0 > 

IB 

c 

E 

u 

C/5 

C/5 

c 

< 

o 


0 > 

case 

E 

J 3 

c 

u 

> 

jg 

-D 

=3 

JS 

O 

’■C 

0 ) 

Uh 

cd 

x; 

■*-* 

Om 

C /5 

C /3 

0 / 

IS 

N 

4 — * 

E 

c 

*53 


cd 


| -5 o 

3 S ^ (U 


<u 

pC 

c 

c 

O 

c 

«! 'S 

r 1 1 •*— » 

*-> 

T> 

c 

c cx 

C/3 


‘3 

H cd 

. m 

cd 

cd 


1/3 

£ 

C/3 

-5 * 

is 

2 

VM 

.ti o> 

H 

o 

a x> 


78 


opt& iso 



ASSEMBLY C 



79 


LaRC SSFO 


Assembly Complete with Orblter Attached to Oblique Docking Adapter 
(Orbiter Rotated 27 Deg. from Horizontal) 

Steady State Microgravity Contours 
(Option 8) 
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ASSEMBLY COMPLETE WITH ORBITER ATTACHED TO OBLIQUE DOCKING ADAPTER 

(ORBITER ROTATED 27 DEG. FROM HORIZONTAL) 

STEADY STATE MICROGRAVITY CONTOURS 
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Option 6 - 2 Orbiters 381,500 95.3 1-4, -1.5, 10.9 93,110,144 -0.3, 

(logistics module) 


Assembly Complete Analysis Results 
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Option 5 - 2 Orbiters 4.3,14.7,8.3 N/A 6000 

Option 6 - 2 Orbiters 32.3,1.7,1.0 N/A 8300 

Option 7 -2 Orbiters -0.7, -0.6, 3.1 N/A 8500 
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LaRC SSFO 


Geometric inspection revealed that the baseline configurations studied (both PMC and AC) cannot accommodate two 
orbiters simultaneously. The second docking mast merely serves as an alternate attach location for one orbiter. Certain 
modified hardware options studied also could not accommodate dual simultaneous docking. These included the use of an 
additional standard resource node, and the use of extended resource nodes, independent of the attitude of the second 
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Orbiter Utilization as an ACRV 
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- approximately 35% for AC 

Modest increase in CMG attitude control sizing caused by the 
presence of the ACRV Orbiter not significant for the locations 
considered in this study. 


The utilization of an oblique docking mechanism essentially allowed the orbiter to be used as ballast , adjusting the mass 
distribution such that a desirable TEA, and hence, pointing and microgravity environment were achieved. It was noted 
however that the oblique mechanism is configuration dependent, that is, different optimal oblique angles were required for 
different configurations. This implies that either 1) one oblique mechanism could be designed to be optimal in an average 
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Option 8 . the new hardware oblique docking module concept, had no apparent problems with the above four operations 
related issues. 
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Automated landing capability 
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